INTRODUCTION
The huge manufacturing of the dyes due to their massive applications in textile industries has abundantly enhanced the effluent disposal into the environment. As a technological and scientific development in dye technology, they are synthesized as chemically and photolytically more stable and therefore persist in natural environment (Rieger et al., 2002) . Consequently leads to worsening of the environment which is inevitably linked with overall quality of life. To mitigate these xenobiotic pollutants, their complete mineralization or transformation into the degradable forms is the only imperative solution on it. Although, many physicochemical techniques are available for efficient mineralization of these dyes, they are very expensive and commercially unattractive. However, biological treatment or biodegradation is an environment friendly and cost-effective alternative to these technologies (Gueu et al., 2007). The Basidiomycetes fungi have the ability of metabolizing lignin. To meet the challenge of lignin degradation, white rot fungi produce one or more of the three principal extracellular enzymes i.e. lignin peroxidises (LiP, EC 1.11.1.14), manganese peroxidase (MnP, EC 1.11.1.13) and laccases (EC 1.10.3.2) (Hatakka, 1994; Asgher et al., 2004) . Identification of these enzymes generated one of the credible evolutions for the degradation of aromatic xenobiotics and/or environmental pollutants. Perusal of literature demonstrates the potential of white rot fungi to degrade pollutants by producing extracellular ligninolytic enzymes (Valentin et . The initial recognition of the white rot fungi for their decolourizing competency lays the foundation for their application in dye degradation. Therefore, the present study paved the way from dye decolourisation to degradation using the potential of white rot fungus Irpex lacteus. From extremely diverse range of the textile dyes, most unanimously used reactive dyes (Reactive yellow FG and Reactive orange 2R) have been opted in the present study. The key role of ligninolytic enzymes yielded by Irpex lacteus under solid state fermentation has been emphasized for their ability to degrade the dyes. As the complete purification of enzyme is costly, crude and partially purified enzyme was preferred for their application in enzyme assay and degradation. Influence of different physico-chemical parameters such as inoculum size, effect of pH, temperature, incubation and reaction time, supplementation of carbon/nitrogen sources, and metal ions on enzyme productivity was also investigated. The intermediates formed during degradation of the dyes were analysed by FTIR (Fourier Transform Infrared Spectroscopy). The main objectives of the present study were: i) to evaluate the potential of Irpex lacteus in decolourisation of textile dyes i.e. Reactive yellow FG and Reactive orange 2R; ii) whether the dyes are decolourising or undergoing structural alterations due to enzyme action? and iii) rectification of reactive dyes degradation using ligninolytic enzymes through FTIR.
MATERIALS AND METHODS

Isolation and screening of the fungi
Thirty five strains of wood rot fungi collected from the different forests of Gujarat State (India) were isolated and plated on optimised malt extract agar (MEA) medium. The purified cultures were subjected to Bavendamm's test (Bavendam, 1928) for the screening of white rot fungi. Among six screened white rot fungi, KSR-70 was considered for the present studies. For molecular identification fungal DNA was extracted as per Möller et al., (1992) and extracted DNA was subjected to Polymerase chain reaction followed by sequencing, BLAST and its submission to the NCBI with Accession No. KJ670229.
Chemicals and dyes
DMAB
(3-dimethyl amino benzoic acid), MBTH (3-methyl-2-benzothioazolinone hydrazone hydro chloride), H2O2 and Manganese Sulphate (MnSO4) were procured from National chemicals Ltd., (Vadodara, India). The textile dyes used in the present study were kindly provided by dying, printing and processing houses (Gujarat, India). Chemicals required for the biochemical studies were purchased from Qualigens Fine chemicals (Mumbai, India). All the other chemicals used were commercially available products of analytical grade.
The plentiful use and reckless discharge of textile effluent to the nature witnessed the rising of water and soil pollution. Biological remediation of these compounds is the most desirable technique to overcome the elevated environmental pollution. Present study evaluates the efficiency of a wild strain of Irpex lacteus in decolourisation and degradation of Reactive yellow FG and Reactive orange 2R. Media supplemented with different carbon/nitrogen sources and inoculum size play important role in enhancing the ability in which dextrose and aspargine boosted the process while inoculum size one-three (10 mm diameter) were more significant with solid and liquid decolourisation respectively. The ligninolytic enzyme production under Solid State Fermentation (SSF) was carried out using different lignocellulosic substrates. Among different substrates wheat straw produced highest amount (560.6 IU/ml) of manganese peroxidase. Optimization of particle size and time of incubation were also assorted to define the efficient enzyme activity; where one mm particle size and 6 th day of incubation period were the most felicitous. The influence of physico-chemical factors like pH, temperature, reaction time and metal ions were assessed with respect to enzyme activity. The partial purification of crude enzymes was achieved at different percent saturations, where 40% saturated fraction yielded maximum (560.6 IU/ml) MnP activity. Molecular weight of the partially purified enzyme was 58.3 kDa. The degradation of dyes was confirmed with shift of the dominant peaks found on the FTIR graphs.
Solid plate decolourization
On plate decolourisation of Reactive yellow FG and Reactive orange 2R was performed on the Malt Extract Agar (MEA)-dye plate containing 2% malt and 2.5% agar in the presence of individual dye. The media supplemented with dye concentrations (10, 50, 100, 250 and 500 mg L -1 ) were prepared with 25 mL medium/plate. These petri plates were inoculated centrally with 10 mm diameter agar disc removed from the actively growing fungi on MEA medium. The decolourisation efficiency was assessed by visual disappearance of dye colours on the plates from 3 rd to 15 th day of inoculation. Zone of growth and decolourisation were measured at every two days of interval.
Decolourisation in liquid media
Dye decolourisation experiments were performed in 150 mL Erlenmeyer flasks containing 25 mL of 2% Malt Extract Broth (MEB) supplemented with dyes (10 mg L -1 ). Three discs (10 mm diameter) of fungal inoculums taken from active cultures and inoculated in each flask containing sterilized media. Dye decolourisation was investigated by harvesting the inoculated flasks after 3, 5, 7, 9, 11 and 13 days of incubation. Dye decolourisation was monitored spectrophotometrically by subjecting the filtrate after removing mycelia at the maximum visible wavelength of absorbance (λmax) for individual dyes. All the experiments were performed in triplicates and the average values were considered in calculations. The decolourisation efficiency was expressed as per the following equation.
% decolourisation = Initial absorbance-observed absorbance× 100
Initial absorbance
Effect of carbon/nitrogen sources on decolourization
Different sources of carbon (dextrose, sucrose, fructose, and lactose) and nitrogen (ammonium sulphate, sodium nitrite, asparagine, and urea) at the concentration of 10 g L -1 were used as co-substrates to investigate their effects on decolourisation. Influence of these sources on the solid plate decolourisation was checked by inoculating the petridishes (containing growth medium, dyes and carbon/nitrogen sources) with a disc (10mm diameter) of fungal mycelium. The diameters (cm) of the decolourisation and growth zone were determined in two perpendicular directions of the plates at every two days of interval. Un-inoculated plates containing dyes and carbon/nitrogen sources were treated as control. For liquid decolourisation, three plugs of agar discs containing fungal mycelia (10mm diameter) were inoculated in the flask containing MEB (Malt Extract Broth) supplemented with different dyes and carbon/nitrogen sources (1% concentration). Medium without any of the supplement was used as blank, whereas media with dyes and carbon/nitrogen sources but without inoculums were used as control. Decolourisation efficiency of fungal isolates was measured at the interval of every 3 days using UV-visible spectrophotometer (PerkinElmer, USA) and per cent decolourisation was calculated as per above mentioned equation.
Determination of enzymatic activity by solid state fermentation (SSF)
Optimisation of different Solid substrates
Different agro-industrial wastes i.e. wheat straw, rice bran, saw dust, ground nut shells, sugarcane bagasse, and banana pseudo-stems were screened to determine the appropriate substrate for maximum ligninolytic enzyme production using Solid State Fermentation (SSF). Agro-industrial wastes were obtained from local agricultural farms, saw dust was acquired from saw mills situated near Vadodara (Gujarat) while and sugarcane bagasse was procured from the sugarcane industry near Vadodara. Among all individually used agro-industrial waste as a substrate, wheat straw was thriving as the best substrate for enzyme production under SSF. All the substrates were inoculated with pure cultures of the fungal strains and crude extract of these substrates was used for enzyme assay.
Optimisation of particle size and incubation time
As wheat straw was found as the best substrate for the maximum enzyme production, optimum size of substrate particle was determined by using different sizes (<1, 1, 1.5, 2, 2.5, 3, 3.5, 4 and >4 mm) of wheat straw to get the high efficient enzyme activity. Similarly, time required for the fungal growth and enzyme production is also evaluated. The optimisation of the incubation period was carried out by harvesting the flasks containing solid substrate covered with the fungal mycelia ate every three days till 18 th day of inoculation..
Enzyme production and harvesting
The enzyme production was performed into 250ml Erlenmeyer flasks containing 5g of agro-industrial wastes moistened with 50 mL distilled water. The sterilized production media was inoculated with five plugs (10mm diameter) of fungal inoculum. Flasks were harvested after every three days of inoculation to assess the enzyme activity. Crude extract of extracellular enzymes was prepared by addition of 50 ml phosphate buffer prior to harvesting the flasks. The contents in the flasks were gently beaten and incubated on the rotary shaker for 30 minutes. Liquor obtained was filtered by using Whatman filter paper No. 1 and the filtrate was used as a source of crude enzyme.
Enzyme assay
Crude enzyme obtained by SSF was used for the estimation of extracellular MnP (Manganese Peroxidase), MIP (Manganese Independent Peroxidase) and Laccase activities. These activities were determined by spectro-photometric measurement of DMAB (3-dimethyl amino benzoic acid) and MBTH (3-methyl-2-benzothioazolinone hydrazone hydro chloride) as substrates (Vyas et al., 1994) . The activities of manganese peroxidises was assayed in 2 mL of reaction mixture containing 100 μL MBTH (1mM), 200μL DMAB (25 mM), 10 μL MnSO4 (20 mM), 10 μL H2O2 (10 mM), 1000 μL buffer (0.1M), and 100 μL enzyme. In case of MIP, the same reaction mixture was used as MnP, except the addition of MnSO4. Conversely, in the reaction mixture of laccase, addition of MnSO4 and H2O2 were excluded. Oxidation of DMAB and MBTH as chromogen was measured at 590 nm on Shimadzu UV visible spectrophotometer, where reference blanks contained all components except the assayed enzyme. The enzyme activity was calculated using the molecular extinction coefficient of MnP, MIP and laccase, and expressed in μmol/min -1 . One unit (U) of MnP/MIP or laccase was defined as the amount of enzyme necessary to produce one μmol of product per min upon DMAB-MBTH oxidation (590 nm) of the substrate in the reaction mixture under the assay conditions.
Partial purification and Molecular weight determination of Enzyme
Crude enzyme was partially purified by ammonium sulphate precipitation method of Dawson et al., (1969) at four different per cent saturations i.e. 20, 40, 60 and 80. From all saturated fractions, maximum activity producing fractions were dialysed with membrane filter having 12000-14000 Da cut off value and collected/stored for further characterization. The molecular weight of the separated proteins was evaluated by 10% SDS-PAGE (Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis) along with standard protein marker (NEB # P7708). Gel electrophoresis was performed by using. Electrophoresis of partially purified enzyme as described by Laemmli (1970) , using Medox electrophoresis unit (Bioneeds Instruments, India).
Effect of physico-chemical factors on enzyme activity
Optimisation of enzyme activity with respect to its temperature (10 to 40ºC), pH (2.5 to 6.5), incubation time (5 to 45 minutes) and effect of metal ions (1mM, 0.1mL Mn 2+ / Zn 2+ / Cu 2+ / Ca 2+ /Mg 2+ ) on enzyme activity was also studied.
Biodegradation analysis by FTIR (Fourier Transform Infrared Spectroscopy)
Degradation of dyes was confirmed by FTIR analysis of treated dyes; where the samples containing 10 mL dye (10 mg L -1 concentrations) treated with 500μl of partially purified enzyme and then dried at room temperature and processed for FTIR (Shimadzu 8400) analysis by KBr pellet method at 10 -4 resolution and 30 scan.
RESULTS AND DISCUSSION
About thirty five strains of wood rot fungi were collected from different forests of Gujarat state. The sterilized fruiting bodies and infected wood samples were processed for the isolation, purification and adaptation of the particular growth media. From all thirty five strains, six were found to be positive with Bavendamm's reaction, showing the complete browning of malt agar medium enriched with 1% tannic acid (Bavendam, 1928) . Among which, Irpex lacteus generating white, cotton-like-fluffy mycelia and radical pattern while growing on malt agar, was selected for the present study. Irpex lacteus is well characterized for its capacity to decolourise diverse synthetic dyestuffs of main chemical dye groups (Novontny 2004; Choi 2013) . On the solid media, it totally decolourised Reactive yellow FG and Reactive orange 2R, with 10 mg L -1 concentration after 11 and 13 days of inoculation respectively (Fig. 1) . All the other four dye concentrations tested in the present investigation were also been decolourised easily by the strain (Fig. 2) . However, the dye concentration in the growth media plays important role to determine the time required for complete dye decolourisation from the media (Koyani et al., 2013) . It is directly proportional to increase in concentration of dye with the decrease in rate of decolourisation. However, the time required for the decolourisation increased gradually with the concentrations from 10, 50, 100, 250 to 500mg L -1 . Available literature indicates that up to certain concentration of dyes fungal growth occurs but exceeding particular concentration it acts as an inhibitor for growth (Kim et al., 1995; Eichlerova et al., 2006) . In the present study, the concentration of the dyes up to 100 mg L -1 does not affect the fungal growth, but escalating concentration led to the lessening in growth and decolourisation rate both. (2000) has also selected I. lacteus for its ability to decolourise all the tested dyes with an efficiency of 56-100% within 14 days. However, azo dyes are recalcitrant for decolourisation and could be decolourised to a limited extent (Revankar and Lele, 2007) . In the present study it was found efficient degraders for both the dyes with concentrations ranging from 10 to 500 mg L -1 . Fungal growth and enzyme production depend upon the growth conditions and the nutrition provided to them (Sanghvi et al., 2010) . Any of the additional sources to the medium directly influence decolourisation ability of the fungi. Five different carbon sources (Dextrose, Sucrose, Lactose, Maltose and Fructose) and five nitrogen sources (Ammonium sulphate, Urea, Asparagine, Sodium nitrate and Sodium nitrite) were tested for their effectiveness on solid and in liquid medium to enhance the rate of decolourisation. Among them, dextrose enhanced the rate decolourisation while other carbon sources were relatively less proficient. Glucose can serve as a carbon and energy source, and it could support the dye decolourisation (Sanghvi et al., 2010) . However, there is no unanimity about the role of carbon sources in dye decolourisation. Carliell et al., (1995) and Kapdan et al., (2002) also recorded that glucose increases rate of decolourisation while others found no effect of it (Özsoy et al., 2001; Chen et al., 2003) . Supplementation of nitrogen in growth media not only influence the ligninolytic enzyme production by several white rot fungi, but also play an important role in the process of dye decolourisation (Moldes et al., 2004) . In the present study also, asparagine is reported as an excellent nitrogen source for inducing dye decolourisation while sodium nitrite inhibited the fungal growth. Different agro-industrial wastes such as saw dust, wheat straw, ground nut shells, rice bran, sugarcane bagasse, and banana pseudo-stems were used as a sole source of carbon without any mineral supplementation in order to determine the most suitable substrate for the production of ligninolytic enzymes. Among all the substrates examined, wheat straw was proved to be unsurpassed lignocellulosic substrate (Fig. 4) , for the production of all three ligninolytic enzymes viz. MnP, MIP and Laccase. Wheat straw is one of the best substrate known for the production of enzymes. It is the most widely used substrates among all the other substrates that are employed for this purpose (Valaskova and Baldrian, 2006) . Maximum production of ligninolytic enzymes under wheat straw degradation by fungi has already been reported earlier (Zhang et al., 2008; Shrivastav et al.,  2011) . I. lacteus produced 480.36, as the highest activity for MnP, MIP and laccase, respectively. According to Conesa et al., (2002) , a variation in enzyme production by the fungus is a result of its adaptation to different cultural conditions and substrates on which it. In the present study, MnP is the major protein produced on wheat straw. Vyas et al., (1994) and Hoftrichter et al., (1997) also reported that some white rot fungi show variation in specific enzyme production when grown on wheat straw. Use of wheat straw as a substrate becomes more exponential when the appropriate particle size of the substrate is used (Sanghvi et al., 2010) . I. lacteus when grown on nine different particle sizes (<1, 1, 1.5, 2, 2.5, 3, 3.5, 4 and >4mm) of substrates, it produced highest MnP (480.36 IUmL -1 ), MIP (440.12 IU mL -1 ) and laccase (195.19 IU mL -1 ) with 1mm sieve size particles. Production of these enzymes was relatively less at particle size smaller than 1mm sieve size. Since the rate of oxygen transfer into the void space affects growth, the substrate should contain particles of suitable sizes to enhance mass transfer (Pandey, 1992) . Increase in substrate concentration lead to a decrease in enzyme activity (Gupta et al., 2009) . Therefore, declined enzyme production may be associated with increase in viscosity and decrease in porosity of substrate, which consequently affect the available surface area of substrate and oxygen transfer (Gupta et al., 2009; Sanghvi et al., 2010, 2011) . The production of MnP and laccase by different white rot fungi are more common and predominant (Vyas et al., 1994; Hofrichter et al., 1999) . In the present investigation with Irpex lacteus, the optimum ligninolytic enzyme activities of dialyzed partially purified enzyme fraction were 560.6 IU mL (MnP), 534.4 IU mL -1 (MIP) and 263.22 IU mL -1 (Laccase). The production profile of MnP was elevated that of MIP and laccase activity. The most common ligninolytic peroxidases produced by majority of white rot basidiomycetes and litter-decomposing fungi are MnP (Wesenberg et al., 2003) . Gupte et al., (2007) and Kasinath, (2002) have reported absence of MnP activity in I. lacteus whereas Novotný et al., (2001) documented very low level of MnP production by it. We disagree with the earlier reports, since production of manganese peroxidase is a dominant enzyme in Irpex lacteus. About 90% of proteins in the crude extract were filtered out in 80% saturation by ammonium sulphate. The enzyme activities determined from these all the saturated fractions are mentioned in Figure 5 . The ammonium sulphate fractions (20-80% saturation) containing about 90% of manganese peroxidase was subjected to molecular weight determination. From all 20, 40, 60 and 80% saturated fractions of crude enzyme; maximum activity (560.6 IU mL -1 ) of MnP was recorded with 40% saturated fraction (Fig. 4) . The enhanced enzyme activity and improved purification fold was noticed when compared with the crude extract (Table 1) .These dialysed fractions (12000 to 14000 Da) were subjected to gel electrophoresis where the enzymes appeared as distinct band of 58.3 kDa on SDS-PAGE (Fig. 6) . Generally, MnPs of white rot fungi usually have a MW of 45 kDa (Hofrichter, 2002 Figure 6 SDS PAGE analysis of partially purified enzyme Enzymes are highly sensitive to pH change and it is an important factor that controls the activity of peroxidases (Silva et al., 2008) . The range of pH (2.5 to 6.5) ascribed to the enzyme reaction exhibited pH 5 as the most supportive in utmost enzyme production (Fig. 7) . This may be attributed to the fact that change in the pH may alter the three-dimensional structure of the enzymes (Shulter, 2000) . Temperature is another crucial factor for determining the fungal growth, which is directly related with the fungal biomass, enzyme production and its activity. This is because during the fermentation there is general increase in the temperature of the fermenting mass due to respiration (Niladevi et al., 2007 (2010) has also shown the reasonable temperature range up to 50°C for the production of MnP by Irpex lacteus. However, very far from all these reports, 35°C was the flawless match to the optimum enzyme production in the present investigation (Fig. 8) .
Baldrian et al., (2005) reported that metal ions play important role in the production of enzyme and concluded that some microelements conferred a significant impact on enzyme activity. , and Mg 2+ were scanned for their ability to enhance the enzyme activity. It is reported that supplementing cultures with manganese and aromatic compounds can stimulate the MnP activity by acting as inducers, enhancers or mediators (Hoftrichter et al., 1997) . According to Bonnarme and Jeffries, (1990) and Scheel et al., (2000) , most of the white rot fungi require manganese in the culture medium to increase MnP activity. In contrast, our results exhibited neutral outcome with any of the inducer. The major ligninolytic enzyme produced by I. lacteus, which is not much influenced even after supplementing the inducer such as Mn, Cu, and Pb (Baldrian et al., (2005) . In the present investigation, the FTIR spectra of both control (untreated) and treated dyes showed stretching of specific peaks in the region 4000 to 500 cm -1
. The stretching vibration at 3456 cm-1 represented the ─N─H stretching which indicates the nature of aromatic amine group present in the parent dye compounds. Azo dyes are aromatic compounds with one or more azo bonds (─N=N─) and presence of ─C─H and ─N=N─ stretching confirmed the azo groups present in the dye, while ─SO2 stretch represented the presence of sulpha group in the dye structure. All these stretching confirm the dye structures and when the spectrum of control and treated dyes were compared, changes in the positions of these peaks were observed. Shifting of the peaks to another position from their original location indicates degradation of original dye structure. (Fig. 9) . 
CONCLUSION
The white rot fungus Irpex lacteus manifested its decolourization efficiency for reactive textile dyes which are responsible for significant water pollution. The 100% of decolourization of both reactive dyes is perceived within 13 days. SSF system including the use of agro-industrial wastes is very promising for ligninolytic enzyme production. Production of MnP was optimal when compared with MIP and laccase. I. lacteus is a potential fungus for the production of ligninolytic enzymes which offer plausible advantage by their use in biodegradation of reactive textile dyes. Therefore, the output of the present study reflects the possibilities of developing the biodegradation technology for textile dyes in an economic way.
